ABSTRACT: Fasciolosis is a zoonotic disease that infects especially ruminants and the liver damages in chronic infection caused by the parasite are very severe. The aim of this study was to evaluate the histopathological findings in liver of cattle naturally infected with Fasciola hepatica, as well as propose a classification of liver damage caused by this disease based on the chronic inflammation and fibrosis. Were used fragments of the right lobe and left of one hundred livers the cattle. Those fragments were subjected to histological processing and staining with haematoxylineosin and Masson's trichrome. Assigned to graduate I to III for the classification of lesions according to the intensity of the inflammatory and fibrotic changes. The lesions more prevalent were biliary duct proliferation, mononuclear cell infiltration, arteriosclerosis, and periportal and periductal fibrosis. Fibrotic lesions were more intense than the inflammatory and 45% of the samples belonged to category II, followed by 39% in category I and 16% in category III. The proposed categorization of pathological liver injury in chronic fasciolosis in naturally infected cattle proved is a valuable method of microscopic evaluation, since it allows determining the evolution of this disease. Key Words: cattle, Fasciola hepatica, fascioliasis, liver
INTRODUCTION
Fasciolosis is a zoonotic disease caused by a digenetic trematode which could infest different animal species, especially ruminants (Who, 1995) .
The liver damage in chronic infection are very severe. Macroscopically, the injuries generate discard of the liver and considerable economic losses. Microscopically, the damage is considerable and undermine integrity of liver function, and commonly include injuries in biliary ducts, calcification, fibrosis and inflammatory infiltration (Bostelmann et al., 2000; Marcos et al., 2007; Kishida et al., 2013) . To evaluate an affected bovine liver and to establish a histopathological classification of injury would facilitate the understanding of pathogenesis and the level of involvement (Riet-Correa et al. 2001) .
To Boray (1969) , factors related to the parasite and the host and environmental factors influence the pathogenesis and symptoms caused by infection. However, there are few morphological liver data in animals with natural infection, as well as absence of data on the anatomical distribution of lesions caused by the parasite. Furthermore, no literature indicated a specific report classifying the hepatic injuries in chronic fasciolosis by taking into account both inflammatory and fibrotic lesions in natural infection.
Most articles in the literature mentions the relations of parasitic loads and degrees of injury in experimental infections, which is not always consistent with reality. The pathological classification based on analysis of liver lesions caused by parasites in no experimental infection will help to improve the diagnosis of fasciolosis, since it allows to establish the degree of damage caused by the parasite. In addition, it would promote new methods of diagnosis in accordance with standard techniques, or even the development of new drugs able to reverse the damage already established, since the biopsy technique can be used.
Therefore, this study aimed at evaluating the histopathological finds and hepatic fibrosis in liver of bovine naturally infected by Fasciola hepatica, as well proposal of a classification of bovine hepatic lesions caused by chronic fasciolosis.
MATERIAL AND METHODS

Samples and Histopathology evaluation
One hundred bovine livers with fasciolosis in the slaughterhouse of Atílio Vivacqua, Espírito Santo, Brazil, were used. The animals had various ages, both sexes and varied diet, with approximate weight of 450kg, and all animals were from Southern Espírito Santo and sacrificed under the inspection of the Instituto de Defesa Agropecuária e Florestal do Espírito Santo (IDAF-ES, Brazil), and the livers were macroscopically searched for the presence of Fasciola hepatica. The cattle were slaughtered between March and July 2008.
Fragments of each hepatic lobe, right and left, of each liver was sampled. These fragments were collected with about 6cm 2 of visceral surface, using the rectangular shape to the right lobe and triangular shape to the left lobe. The samples were packed in bottles that contained 10% formalin (9:1) properly identified to be taken for histopathological evaluation, stained in haematoxylin-eosin (HE) and Masson's trichrome for the evaluation of morphological alterations, considering different levels of inflammatory variants and fibrotic lesions: biliary ducts proliferation in the portal space, inflammatory infiltration, the presence of eosinophyles, vascular sclerosis, area of necrosis, acinar formation, hepatic degeneration and atrophy, portal space fibrosis and diffuse fibrosis. The samples were also evaluated as to the presence or absence of the alterations above mentioned, and its intensity (discrete +, moderate ++, severe +++).
Furthermore, were evaluated atherosclerosis along the connective tissue deposition in veins and sinusoids. For the periportal and periductal fibrosis were used evaluation parameters based on the number of layers of connective tissue, namely the absence of fibrosis, fibrosis of layers 1-2, layers 3-5 and > 6 layers of fibrosis. For the distribution of fibrosis, were used the classification cited by Marcos et al. (2007) in that fibrosis in the liver parenchyma is seen in three stages: stage I -fibrosis in the portal space with few focal areas around lesions sometimes caused by the parasite, stage II -fibrosis observed throughout the liver parenchyma with long septa separated from each other; stage III -long and prominent fibrosis septa widely distributed throughout the parenchyma with regenerative nodules.
Because a significant injury to fibrosis in cattle infected with Fasciola hepatica, the histopathological findings for this lesion in space door and periductal region as well as its distribution by the liver parenchyma underwent comparison between the right and left lobes.
Proposal Classification of chronic lesions
A classification system was proposed to standardize the description of the lesions. An attempt to compare the pathological changes with chronic infection was carried. Liver damage were splited in three categories, ranging from degree I to III, based in magnitude and severity of inflammatory and fibrotic changes. The degree I presented prevailed discrete injuries; the degree II showed moderate injuries, the degree III presented severe injuries as displayed in the table below ( Table 1 ). Samples that fell into more than one category, the fibrotic lesions were considered the most important changes to the definition of the classification.
Statistical analysis
The statistical analysis included a descriptive analysis of histopathological findings. Data were arranged in table and to make sure values to the scores found, where 0 = absent, 1 for mild, 2 for moderate, and 3 for severe. In the case of bile duct proliferation, scores were: 0 for absent, 1 for proliferation from 2 to 3 ducts, and 3 for proliferation of more than four ducts. For comparison between the fibrotic liver lobes was used nonparametric test for two independent samples Mann-Whitney test (α = 5%).
For the evaluation of variables found in histopathology between and within each category of proposed chronic injury, were used the mean scores and application of non-parametric test of Kruskal Wallis (α = 5%) followed by Dunn's Test (α = 5%). Spearman correlation was used to study the relationship between inflammation and ductal proliferation.
RESULTS
Histopathology evaluation
A summary of the major histopathological changes are shown in table 2. As to inflammatory infiltration, it was observed the presence of mononuclear infiltration. The foci of inflammatory infiltration periportal and perivascular (centrilobular veins) were observed mainly, however, in some samples, especially those considered degree III, the distribution of inflammation extended throughout much of the parenchyma.
Periportal fibrosis was present in all of evaluated samples, in both lobes. Periductal fibrosis was evaluated when the ducts presented their calibre ranging from intermediate to great. No duct of great calibre was found in 47% evaluated samples. The distribution of fibrosis in the hepatic parenchyma was also evaluated. Eight percent of the samples showed absence of fibrosis in the parenchyma. Stage I of fibrosis was noticed in 46%, stage II in 37% and stage III of fibrosis in 9%.
The comparison between the periportal fibrosis right and left lobes showed no difference in collagen deposition in the space port of these two lobes. However, the left lobe was more predisposing for collagen deposition around the bile ducts (periductal fibrosis) significant difference in relation to the right lobe (P < 0,0001). Regarding the distribution of fibrosis by liver parenchyma was no difference between right and left hepatic lobes, occurring in the latter greater distribution of fibrosis (P = 0,0025).
Classification of chronic lesions
The results of the histopathological analysis of the livers chronically affected by Fasciola hepatica. In natural infection revealed that 45% of the samples presented lesions into the category II, followed by 39% in category I, and 16% into category I. The histological sections of different classifications are demonstrated in Figure 1 .
After histological classification, a study using the principal finds, with the exception of fibrotic lesions, was conducted to evaluate their behaviour into each category and between categories.
In relation to biliary duct proliferation, there was no significant difference between categories II and III. The same applied to the variable eosinophilic infiltrate. In addition, inflammatory infiltration was more severe in category III, however, statistically, there was no difference between the proposed categories.
Evaluation of three variables into each category, was observed the influence between the variables in categories I and II. However, inflammatory infiltration is the most important variable for having a higher mean score, whereas in category III only biliary duct proliferation and eosinophilic infiltrate were not significant by statistical analysis. Trivilin et al. (2014) Archives of Veterinary Science, v.19, n.1, p.61-69, 2014.
Therefore, a test of correlation was established between the biliary duct proliferation and inflammatory infiltrate, so finding a moderate association between these variables (r s = 0,5508; P < 0,0001). Thus, an increase in the intensity of inflammation occurs biliary duct proliferation moderately.
Considering the great importance of fibrotic lesions in fascioliasis in cattle attempt was made to study their behavior within each category of chronic injury. In the right lobe of the periportal fibrosis is evident in the samples considered as category III for the other categories. With respect to periductal fibrosis, the scores are independent of the category in which the samples were evaluated inserted. However, in many samples there was the presence of ducts or medium-caliber, in which fibrosis were evaluated. This explains the low average score and also its independence from the categories. The diffuse fibrosis of the right lobe proved to be very important, being more severe in samples belonging to category III. When evaluated these fibrotic changes within each category of chronic injury there was no difference in scores in categories I and II, while in Class III, periductal fibrosis and diffuse fibrosis did not differ. However, within all categories, periportal fibrosis was the most important variable in relation to periductal fibrosis and diffuse fibrosis.
Periportal fibrosis in the left lobe proved to be important in category III compared to other categories. The presence of periductal fibrosis was different in all categories, however, was more severe in category III. Regarding diffuse fibrosis, statistical analysis showed no difference for this variable between the categories of injury chronic fascioliasis, however, was more severe in those included in category III. When the variables studied periportal fibrosis, periductal fibrosis and diffuse fibrosis within each category of the left lobe, only periportal fibrosis was important in class I, in other words, chronic injuries in recent periportal fibrosis is the main change observed in fibrotic livers fasciolosis.
DISCUSSION
Presence of the adult parasite in the biliary ducts was observed, with thickening of duct walls and proliferation and calcification in all samples, revealing a chronic infection according to RietCorrêa et al. (2001) . Boray (1969) reports that factors such as parasite load, stage of development of the parasite, type and host age, location and condition of pastures and season influence the variability of pathogenicity and symptoms caused by infection with Fasciola hepatica. However, as the samples were from a slaughterhouse and derived from cattle of different ages, both sexes, varied weight and from different localities in the South of Espírito Santo, variables described above were not used to conduct this experiment because were based on the morphological changes of the injured tissue in naturally infected animals, which is different from experimental infections.
The most prevailing alteration in chronic fasciolosis is the hyperplasia of the biliary ducts in the portal space according to Sadjjadi et al. (1997) . Kishida et al. (2013) found papillary and glandular hyperplasia of the biliary epithelium in liver obtained from meat inspection in Japan and found moderate biliary epithelial hyperplasia in 33,33% samples following by 66,66% severe. However, Bostelmann et al. (2000) evaluated bovine liver samples condemned of fasciolosis from a slaughterhouse in Parana State, Brazil, and found a moderate hyperplasia of the biliary ducts in all the evaluated samples. Marcos et al. (2007) in their studies also found a moderate intensity of ductal hyplerplasia. As the aim of this study was the proposal of the classification of chronic injuries, the biliary ducts proliferation was quantified in each portal space, not being considered an intensity parameter of ductal proliferation.In this study, the observation of bile duct proliferation supports the chronicity of infection in samples used in accordance with the literature search. However, is reported only the intensity of this lesion in the liver of infected animals, not taking into account the amount of bile duct. Thus, determining the amount of ductular proliferation assists in determining the time of infection and becomes important in the histopathological evaluations.
Infiltration of inflammatory cells such eosinophiles and lymphocytes was observed by Kishid et al. (2013) in liver of bovine obtained from meat inspection centres in Yamagata and Iwate Prefectures, Japan. Bostelmann et al. (2000) evaluated the inflammatory infiltration in bovine livers infected by Fasciola hepatica and found lymphocytes, plasmocytes, eosinophils, and mastocytes distributed in the medial third of the most calibre ductal wall, besides lymphoplasmacytic and neutrophilic infiltration in the outer third of ductal wall. The lymphoplasmacytic infiltration was moderate. In our study, the discrete infiltration prevailed. As referred by Marcos et al. (2007) , the highest frequency found was moderate infiltration. The intensities are attributed by the observers, what explains the differences between the literature and our results. However, it is observed that chronic fasciolosis in cattle in the inflammatory infiltrate is variable and dependent on the host response.
According to Ross et al. (1966) , the prevalence of cells as lymphocytes and plasmocytes with lower number of neutrophils and eosinophils at the portal space characterizes a 7 to 11-week post-infection period. Molina and Skerratt (2005) found periportal lymphocytic infiltration by Fasciola gigantic on the 7 th week post-infection, described as discrete infiltration. However, from 12 th to 16 th week, the inflammatory infiltration was described as severe -characterized by lymphocytes, macrophages and plasmatic cells. The presence, the intensity and the characterization of inflammatory cells contribute to the classification process, as far as it can indicate the schedule of infection by the parasite.
There are a variety of cell types involved in the response by the host independent counsel in the intensity of inflammation observed in the liver parenchyma and the chronic infection decreases the cellular heterogeneity, watching as many mononuclear cells, mainly lymphocytes and plasma cells.
Regarding the eosinophilic infiltration, Bostelmann et al. (2000) also found discrete infiltration of eosinophils in bovine livers with Fasciola sp. and Marcos et al. (2007) related moderate eosinophilic infiltration in theirs samples. Kishida et al. (2013) reveled moderate (50% samples) and severe (50% samples) eosinophilic infiltration in liver of catle obtained from meat center in Japan. The fasciolosis is a parasitic infection and therefore it is natural to find infiltration of eosinophils in the liver parenchyma, but it was observed that chronic infection shows infiltration discreet, perhaps because of the parasites to meet the bile ducts and not in the liver parenchyma as observed in early infection, where migration and the consequent release of products of excretion/secretion of which act as activators of host immune response.
In relation to fibrotic lesions, is noted that the more severe the chronic injury, the greater the amount of connective tissue deposited in the space port, supporting thus the assumption that the more severe the injury, the greater the periportal fibrosis. In the study of Marcos et al. (2007) after application of the staging of liver fibrosis throughout the parenchyma, the authors concluded that the worsening distribution of injury causes a severe fibrosis of the liver parenchyma, which was also observed in this study. Was found that the number of layers of connective tissue deposited in the space port increases as the degree of chronic injury. This was observed both in the left lobe and the right. Importantly, the analysis for this variable occurred only in the ducts of medium and large caliber when present in the samples.
From the results, it was observed that only the diffuse fibrosis and periductal fibrosis were shown to be different, in other words, in the ducts of medium and large caliber of the right lobe of the amount of connective tissue layers deposited is smaller than in the ducts present in the left lobe. However, the low average obtained in the evaluation of periductal fibrosis of the right lobe can be under the influence of the absence of ducts in the samples. Phiri et al. (2006) reported the relationship between calcification and Fasciola infection in cattle and fibrosis, fibrotic lesions were found around major bile ducts.
Regarding diffuse fibrosis, left lobe is affected more severely with the deposition of connective tissue often making connections between portal spaces, denoting cirrhotic livers. Marcos et al. (2007) found 16 out of 24 cirrhotic livers examined anatomical pathology. Still, there is a relationship between the reported association of cirrhosis and the number of parasites, when there were more than 40 copies. To Marcos and Terashima (2007) the number of parasites seems to be an aggravation of liver damage and consequently of hepatic fibrosis. In this study, the parasite count was not performed because it samples from slaughterhouses in flux, it is not possible to count or even the collection of specimens, however, we observed the evolution of the fibrotic lesion with the worsening of the injury chronic.
According to Friedman (2000) for the occurrence of liver fibrosis should be railing for months or years. Still, the formation of significant fibrosis is reversible while the cirrhotic state (the last stage of fibrosis as a consequence) is generally irreversible, but for the liver to initiate the fibrotic process should be quantitative and qualitative changes in the composition of the extracellular matrix. Still, there is increased 3-5 times the total content of collagens and noncollagen components and a change in the type of extracellular matrix in the sub endothelial space for forming a matrix containing collagen fibers. The changes that occur in the composition of collagen around the bile ducts are similar to those produced in the liver cirrhosis or other pathological conditions. For Golbar et al. (2013) , in fibrotic liver lesions by Fasciola infection in cattle, there are macrophages, myofibroblasts and eosinophiles, and macrophages are associated with liver fluke infection in development of myofibroblast and deposition of extracellular matrices.
Until the present time, no chronic injury classification proposal has been presented correlating inflammatory and fibrotic lesions. However, Marcos et al. (2007) suggest in their study, only the classification of fibrotic lesions with degree I, II and III.
It is important to emphasize that the classification of the variations are related to the level of liver damage due to the fasciolosis. Therefore, in recent infection, many decisive variants to the classification may not be present, oppositely to chronic infections which may lead to a major injury to the liver. Moreover, it is important to be aware of re-infections subjected to animals, which may change the injury schedule previously found.
As mentioned, the observation variable is a major contributor in the discrepancy between results on the microscopic evaluation. This is because in each evaluation are established parameters that better define the image analyzed. Thus, differences between results can happen and so natural, however, based on scientific knowledge.
In this study, considered moderate and severe lesions were observed more frequently in the left hepatic lobe. This lobe is the possible entrance of the parasites and because it is anatomically closer to the small intestine. In addition, the largest portion of the bile ducts is arranged in this region of the liver.
The evaluation of each variable between the categories proposed allows studying their behaviour with the worsening of the infection, that is expected in chronic lesions and in different stages there is greater involvement of these variables facilitating the differentiation of the category and its influential role in the implementation classification.
However, as mentioned, only the main lesions observed on histopathologic evaluation were used to study the influence of these variables in the categorization of chronic injuries. Furthermore, the findings of the importance of lesions into the category to which belongs assists the establishment of its importance, and thus establish the influence exerted on each lesion on the other in its category.
CONCLUSION
The morphologic alterations suggested for the classification were important and adequate to classify the evaluated samples. The proposal of the histopathological classification of hepatic lesions in naturally infected bovine by chronic fasciolosis showed to be a valuable methodology of microscopic evaluation since it allows the establishment of the evolutionary schedule of the illness.
